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SECTION I 
INTRODUCTION. 
The Polymer Branch of the Materials Laboratory at the Wright Research and Development 
Center, Wright-Patterson Air Force Base is interested in the synthesis and characterization of 
polymeric materials. Basic research is also conducted in the structure of polymeric materials 
and the correlation of the structure and physical properties. The emphasis of this area is to 
predict the properties of a polymer prior to its synthesis. In this way, the synthesis problem 
can have greater direction and produce new and better materials with more efficiency. One 
of the techniques used in determining the structure of polymers is to examine by single-crystal 
x-ray diffraction methods compounds that may be used to form the backbone, pendants, or 
cross-links of the polymer. By knowing the structure of a small, repeating portion of the 


polymer, the polymer itself may be mathematically modeled, yielding the physical properties. 


The current study involves the structural analysis of 2-(Trimethylsilylethynyl)-4-nitro-N,N- 
dimethylaniline by single-crystal x-ray diffraction techniques, with the intent to provide data 
which may be used to correlate the observed structure and the magnitude of the nonlinear 
optical response. The primary structural information that is needed by the currently accepted 
theories is the centricity of the crystal lattice in which the compound of interest crystallizes 
and the extent of 7-orbital conjugation. This compound was selected for study because of is 
relationship with 2-methyl-4-nitroaniline, a compound with known nonlinear optical properties, 


and other conjugated systems with separated electron donor and acceptor groups. 


SECTION II 
EXPERIMENTAL METHODS 
A yellow rectangular crystal of C,,H,,N,O,Si was obtained from Bruce Reinhardt of the 
Polymer Branch, having approximate dimensions of 0.30 x 0.50 x 0.60 mm, was mounted on 
a glass fiber with its long axis roughly parallel to the phi axis of the goniometer. Preliminary 
examination and data collection were performed with Mo Ka radiation (A = 0.71073 A) on 
an Enraf-Nonius CAD4 computer controlled kappa axis diffractometer equipped with a graphite 


crystal incident beam monochromator. 


Cell constants and an orientation matrix for data collection were obtained from least-squares 
refinement, using the setting angles of 23 reflections in the range 6 < @ < 12° , measured 
by the computer controlled diagonal slit method of centering. The monoclinic cell parameters 
and calculated volume are: a = 20.258(6), b = 10.444(4), c = 7.129(2) A, B = 93.05(2)’, 


V = 1505.9 A®. For Z = 4 and F.W. = 262.39, the calculated density is 1.16 g/cm’. 


The data were collected at a temperature of 23° using the @/2@ scan technique. The scan rate 
varied from 0.57 to 2.79°/min (in omega). The variable scan rate allows rapid data collection 
for intense reflections where a fast scan rate is used and assures good counting statistics for 
weak reflections where a slow scan rate is used. Data were collected to a maximum 286 of 
64.0°. The scan range (in deg.) was determined as a function of @ to correct for the separation 
of the Ka doublet and ranged from 1.21 to 1.41 degrees. Moving-crystal moving-counter 
background counts were made by scanning an additional 25% above and below this range. 
Thus the ratio of peak counting time to background counting time was 2:1. The horizontal and 


vertical counter apertures were set at 2.0 mm and 4.0 mm, respectively. The diameter of the 
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Formula: 
Formula weight: 
F(000): 

Crystal dim.: 
Radiation: 
Wavelength: 
Temperature: 
Crystal form: . 
Space group: 
Cell constants: 


Volume: 
Z: 
Density: 


Absorption coeff.: 


Scan type: 
Scan rate: 
Scan width: 
Maximum 20: 


Table 1. Experimental Details 


C,,H,.N,O,Si 
262.39 
560 


0.30 x 0.50 x 0.60 mm 


Mo Ka 

0.71073 A 

23° 

monoclinic 
P2,/c 

a = 20.258(6) A 
b = 10.444(4) A 
c= 7.129(2) A 
B = 93.05(2)° 
1505.9 A? 

4 

1.16 g/cm? 

1.5 cm? 

w/20 

0.57 - 2.79°/min 
1.2 + 0.344 tan 0 
64.0° 


Refl. measured: 5592 total 
5266 unique 
Corrections: Lorentz-polarization 


Reflection averaging (agreement on I = 4.4%) 
Numerical absorption (from 93.29 to 96.06 on 1). 
Extinction (coefficient = 1.21 x 107) 


Observations: 1536 with Fo’>30(Fo’) 

Parameters: 164 

R: : 0.085 

wR: 0.108 

Goodness-of-fit: 2.98 

Max. shift/error: 0.01 

Residual density 
maximum: 0.30(7) e/A? 
minimum: 0.27(7) e/A? 


' incident beam collimator was 0.8 mm and the crystal to detector distance was 21 cm. For 
intense reflections a Zr metal foil which has an attenuation factor of 12.06 was automatically 
inserted in front of the detector. The data were examined for systematic absences using the 
program LOOK (Chapius, 1984), which simulates precession-type photographs. From the | 
observed systematic absences of hOl, 1=2n+1 and OkO, k=2n+1 and from subsequent least- 


squares refinement, the space group was determined to be P2,/c (# 14). 


A total of 5592 reflections were collected, of which 5266 were unique and not systematically 
absent. Lorentz and polarization corrections were applied to the data as well as a numerical 
absorption correction. The absorption correction used a description of the crystal as being 
bounded by the 0,0,1; 0,0,-1; 0,-1,1; 0,1,-1; 0,1,1; 0,-1,-1; 1,0,-1; and -1,0,1 faces with 
distances from the faces to the centroid of the crystal being 0.02262, 0.00842, 0.02514, 
0.02472, 0.02732, 0.02452, 0.03285, and 0.02772 cm, respectively. The linear absorption 
coefficient is 1.5 cm’ for Mo Ka radiation. Relative transmission coefficients ranged from 
0.93294 to 0.96061 with an average value of 0.95027. A secondary extinction correction was 
applied (Zachariasen, 1963), The final coefficient, refined in least-squares, was 1.21 x 10” 
(in absolute units). Intensities of equivalent reflections were averaged, with 24 feflectioiis 
rejected from the averaging process because their intensities differed significantly from the 
average. The agreement factors for the averaging of the 44 observed and accepted reflections 


. was 4.4% based on intensity and 4.6% based on Fo. 


The structure was solved by the application of the direct methods program MULTAN (Main, 
1982). Using 244 reflections having a minimum normalized structure factor of 2.05, and 1480 


triplet relationships, 16 potentially correct phase sets were produced. A total of 18 atoms were 
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located from an E-map prepared from the phase set with the highest probability of being 
correct. The remaining non-hydrogen atoms were located in succeeding difference Fourier 
syntheses using the original 18 to determine the phasing of the observed reflections. Hydrogen 
atom pecitions were calculated from geometric considerations and were included in the 
refinement but restrained to ride on the atom to which each was bonded. The sieceie was 
refined by the full-matrix least-squares technique where the function minimized was Zw(IFol- 
\Fcl)? and the weight w is defined as the reciprical of the standard deviation on the epsenved 
structure factor, squared. Only the 1536 reflections having intensities greater than 3.0 times — 
their standard deviation were used in the refinements. The final cycle of refinement included 
164 variable parameters and converged (largest parameter shift was 0.01 times its estimated 
standard deviation) with unweighted and weighted agreement factors of 0.085 and 0.108, 
" respectively. The standard deviation of an observation of unit weight was 2.98. The highest 
peak in the final difference Fourier map had a height of 0.30 e/A? and the largest negative 
peak had a height of -.27 e/A®. In each case the height of the peak had an estimated error 
based on AF of 0.07 (Cruickshank, 1949). Scattering factors were taken from Cromer and . 
Waber (1974). Anomalous dispersion effects were included in Fc as described by Ibers and 
Hamilton (1964); the values for Af? and Af" were those of Cromer (1974). All calculations 
were performed on a VAX computer using SDP/VAX (Frenz, 1978). A summary of 
experimental details is shown in Table 1. Tables 2 and 3 present the final atomic coordinates 
and thermal parameters. Derived values in the form of interatomic distances and angles, 
torsion angles and least-squares planes are tabulated in Tables 4, 5, and 6. Observed and 


calculated structure factor amplitudes are included as the Appendix. 


Table 2. Fractional Coordinates (x 10* for Si, O, N, and C and x 10° for H) and Thermal 
Parameters for 2-(T- rimethylsilylethyny!)-4-nitro-N,N-dimethylaniline. 


Atom Xx y z B 
Si 0.87838(9) 0.0253(2) 0.3013(3) 6.47(4) 
Ol 0.6651(2) 0.5391(4) -0.0576(6) 7.2(1) 
O02 0.5645(2) 0.5119(4) -0.1628(7) 7.6(1) 
Nl 0.6519(2) -0.0613(4) -0.0821(6) 4,9(1) 
N4 0.6180(2) 0.4706(4) -0.1064(6) 5.4(1) 
Cl 0.6450(2) 0.0688(5) -0.0848(7) 3.9(1) 
C2 0.6973(2) 0.1524(5) -0.0226(6) 3.6(1) 
C3 0.6872(2) 0.2834(5) -0.0340(6) 3.8(1) 
C4 0.6277(2) 0.3328(5) -0.1008(7) 4.1(1) 
C5 0.5755(3) 0.2529(5) -0.1544(7) 4.6(1) 
C6 0.5844(3) 0.1230(5) -0.1444(7) 4,5(1) 
Cll 0.5934(3) -0.1428(6) -0.1179(9) 6.5(2) 
C12 0.7140(3) -0.1266(6) -0.105(1) 6.4(2) 
C21 0.7575(3) 0.1112(5) -0.0714(7) 4.1(1) 
C22 0.8074(3) 0.0842(5) 0.1594(8) 5.1(1) 
C23 0.8559(5) 0.009(1) 0.546(1) 13.1(3) 
C24 0.9012(5) -0.1239(9) 0.225(2) 23.5(4) 
C25 0.9428(5) 0.139(1) 0.307(2) 18.7(4) 
H3 0.724 0.344 0.006 5.0” 
H5 0.532 0.290 -0.199 5.0 
H6 0.547 0.065 -0.181 5.0 
Hila 0.574 -0.128 -0.254 5.0 
H11b 0.558 -0.119 -0.023 5.0 
H1lc 0.606 -0.239 -0.101 5.0 
H12a -0.708 -0.194 -0.212 5.0 
H12b 0.730 -0.172 0.019 5.0 
H12c 0.749 -0.059 -0.140 5.0 
H23c 0.817 -0.055 0.554 5.0 
H23a 0.896 -0.024 0.630 5.0 
H23b 0.842 0.099 0.593 5.0 
H24a 0.942 -0.159 0.303 5.0 
H24b 0.862 -0.187 0.234 5.0 
H24c 0.913 -0.115 0.085 5.0 
H25a 0.976 0.119 0.419 5.0 
H25b 0.922 0.230 0.326 5.0 
H25c 0.967 0.137 0.182 5.0 


*Anisotropically refined atoms are given in the form of the isotropic equivalent displacement 
parameter defined as: (4/3)[a’B,, + b’B,, + c’B,, + ab(cosy)B,, + ac(cosB)B,, + bce(cos)B.,] 


“Thermal parameters on hydrogen atoms were fixed with B = 5.0. 


Table 3. Anisotropic thermal parameters for 2-(Trimethylsilylethynyl)-4-nitro-N,N- 


dimethylaniline. 

Name Un U, U;, Us Us U, 

Si 0.0575(9) 0.084(1) 0.102(1) 0.0159(9) -0.0179(9) 0.004(1) 
Ol 0.101(3) 0.057(2) 0.113(3) — 0.005(2) -0.006(3) -0.002(2) 
O02 0.094(3) 0.076(3) 0.119(3) 0.036(2) -0.011(3) 0.009(2) 
N1 0.065(3) 0.054(3) 0.066(3) -0.007(2) ~—=—-0.007(2) -0.003(2) 
N4 0.079(3) 0.064(3) 0.062(3) 0.016(2) - 0.004(3) 0.004(2) 
Cl 0.050(3) 0.057(3) 0.040(3) -0.003(2) 0.001(2) * 0.004(2) 
C2 0.043(3) 0.054(3) 0.040(3) - 0.001(2) 0.004(2) 0.005(2) 
C3 0.053(3) 0.052(3) 0.041(3) -0.001(2) 0.001(2) 0.002(2) 
C4 0.055(3) 0.056(3) 0.043(3) 0.009(3) . 0.006(2) 0.004(2) 
CS 0.051(3) 0.076(4) 0.048(3) 0.013(3) -0.005(2) 0.002(3) 
C6 0.050(3) 0.069(3) 0.051(3) -0.004(3) -0.005(2) -0.001(3) 
Cll —<0.088(4) 0.062(4) 0.096(5) -0.024(3) 0.012(4) -0.011(3) 
C12 0.077(4) 0.055(4) 0.111(5) 0.010(3) 0.003(4) -0.012(3) 
C21 0.051(3) 0.050(3) 0.055(3) -0.002(2) 0.000(2) -0.002(2) 
C22 0.055(3) 0.065(3) 0.071(4) 0.005(3) -0.005(3) -0.007(3) 
C23 0.161(8) 0.22(1) 0.119(7) 0.064(7) -0.008(6) 0.045(6) 
C24 0.285(8) 0.289(9) 0.30(1) 0.220(6) -0.182(7) -0.163(8) 
C25 0.136(8) 0.26(1) 0.3001) —--0.059(8) -0.111(7) 0.128(9) 


The form of the anisotropic displacement parameter is: 


exp[-2n?{h’a7U,, + K’b"U,, + Pc?U,, + 2hka’b'U,, + 2hla’c’U,,+ 2klb’c’U,,}] 


SECTION III 

DISCUSSION 
Figure 1 shows an ORTEP (Johnson, 1971) drawing of the refined structure of 2- 
(Trimethylsilylethynyl)-4-nitro-N,N-dimethylaniline. The molecule is essentially planar, with 
a maximum deviation from planarity of 0.244 A (see plane 4 in Table 6). The degree of 
planarity of the central benzene ring, 0.022 A, is much better (see plane 1 in Table 6). This 
would indicate that the substituents on the benzene ring do not fit into a common plane as 
well as the ring itself. The nitro group at the 4-position of the ring is found to be coplanar 
with the ring, whereas the dimethylamine and trimethylsilylethyny] groups noticeably deviate. 
The dimethylamine appears to be twisted with respect to the ring, moving C11 and C12, the 
methyl carbon atoms, 0.138 A below and 0.655 A above the plane, respectively. The almost 
linear trimethylsilylethynyl group is found to extend slightly below the plane of the benzene — 
ring, with deviations of 0.213, 0.446, and 0.892 A for C21, C22, and Si, respectively. 
Additionally, this group has distortions in the bond angles at C21 and C22. Normally a 
carbon-carbon triple bond ‘is linear, with bond angles of 180° at each end, but in the 
trimethylsilylethynyl group, the bond angles found are 175° and 173°, at C21 and C22, 
respectively. The bond distances and angles within the benzene ring are reasonable in their 
regularity, with only one distance, C1-C2, differing greatly from any of the others (1.426 A 


vs. 1.371-1.396 A). 


Figure 1. ORTEP drawing of 2-(Trimethylsilylethynyl)-4-nitro-N,N-Dimethylaniline. Methyl 
hydrogen atoms have been omitted for clarity. 


Table 4. Interatomic Bond Distances (A) and Angles (°) for 2- Te ee 4-nitro- 
N,N-dimethylaniline. 


Atom 1 Atom 2_ Distance Atom 1 Atom2 Atom3_ Angle 
Si C22 1.819(6) C22 Si C23: 109.4(4) 
Si C23 1.832(8) C22 Si C24 ~~ 110.4(4) 
Si C24 1.72(2) C22 Si C25 —s- 110.14) 
Si C25 1.77(1) C23 Si C24 =: 107.5(5) 
O1 N4. 1.227(6) C23 Si C25 =: 105.2(5) 
02° N4 1.215(6) C24 Si C25. —-:114.1(5) 
Nl Cl 1.368(7) Cl N1 Cil =: 119.6(4) 
Nl Cll 1.471(7) Cl Nl C12 =: 123.8(4) 
Nl C12 1.447(7) Cll Nl C12 ~=—:113.8(4) 
N4 C4 1.455(7) Ol N4 02 123.4(5) 
Cl C2 1.426(7) Ol N4 C4 118.0(4) 
Cl C6 1.396(8) O2 N4 C4 118.6(4) 
C2 C3 1.387(7) N1 Cl C2 122.1(4) 
C2 C21 1.425(7) Nl Cl C6 119.7(5) 
C3 C4 1.373(7) C2 * MCI C6 118.1(5) 
C4 C5 1.385(7) Cl C2 C3 118.9(4) 
C5 C6 1.371(8) Cl C2 C21 = :124.2(4) 
C21 C22 1.195(7) C3 C2 C21 =: 116.5(4) 
C2 C3 C4 121.0(4) 
N4 C4 C3 119.7(4) 
N4 C4 C5 119.4(4) 
C3 C4 CS 120.8(5) 
C4 C5 C6 119.1(5) 
Cl C6 C5 122.0(5) 
C2 C21 C22. ~—:175.0(5) 
Si C22 C21 ~—:173.0(6) 
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Table 5. Torsion Angles (°) for 2-(Trimethylsilylethynyl)-4-nitro-N,N-dimethylaniline. 


Atom 1 Atom 2 Atom 3 Atom 4 Angle 
C23 Si C22 C21 -62.02(4.26) 
C24 Si C22 C21 55.97(4.28) 
C25 Si C22 C21 -177.16(4.17) 
Cil Nl Cl C2 169.95(0.48) 
Cll Nl Cl C6 -8.04(0.71) 
C12 Nl Cl C2 -30.38(0.74) 
C12 Nl Cl C6 151.64(0.53) 
Ol N4 C4 C3 2.91(0.69) 
Ol N4 C4 C5 179.81(0.45) 
02 N4 C4 C3 -178.67(0.48) 
02 N4 C4 C5 -1.76(0.71) 
N1 Cl C2 C3 178.37(0.44) 
Ni Cl C2 C21 -9.20(0.74) 
C6 Cl C2 C3 -3.62(0.67) 
C6 Cl C2 C21 168.82(0.47) 
Nl Cl C6 C5 -178.24(0.47) 
C2 Cl C6 C5 - 3.70(0.74) 
Cl C2 C3 C4 1.09(0.69) 
C21 C2 C3 C4 -171.93(0.45) 
Cl C2 C21 C22 -135.79(6.20) 
C3 C2 C21 C22 36.81(6.51) 
C2 C3 C4 N4 178.41(0.43) 
C2 C3 C4 C5 1.55(0.73) 
N4 C4 C5 C6 -178.43(0.45) 
C3 C4 C5 C6 -1.55(0.75) 
C4 C5 C6 Cl -1.14(0.77) 
C2 C21 C22 Si 114.63(6.25) 
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Table 6. Least-Squares Planes for 2-(Trimethylsilylethynyl)-4-nitro-N,N-dimethylaniline. 
Deviating distances are given in Angstroms. 

Orthonormal Equation of Plane 1 

0.3603 XK + 0.0038 Y + -0.9328 Z - 5.2590 = 0 


Chi Squared = 49.9 


Defining Atoms _ 
Atom Distance Atom Distance Atom Distance Atom Distance 
Cl 0.022(5) C2 -0.014(5) C3 -0.004(5) C4 0.015(5) 


CS -0.006(5) C6 -0.013(5) 


Orthonormal Equation of Plane 2 

0.0700 X + -0.8173 Y + -0.5719 Z - -0.2058 = 0 

Chi Squared = 82.9 

Defining Atoms 

Atom Distance Atom Distance Atom Distance Atom Distance 


C2 —-.016(5) C21 =: 0.037(5) C22 = -0.022(6) Si 0.001(2) 


Orthonormal Equation of Plane 3 

-0.0139 X + -0.1165 Y + -0.9931 Z - 0.0000 = 0 

Chi Squared = 15950.5 

Defining Atoms 

Atom Distance Atom Distance Atom Distance Atom Distance . 


C4 —s0..129(5) N4 0.004(5) Ol -0.438(5) O02 =0.367(5) 2 


12 


Table 6 (continued) 


Orthonormal Equation of Plane 4 


0.4673 X + 0.0110 Y + -0.8840 Z - 6.6083 = 0 


Chi Squared = 21295.1 
Defining Atoms 

Atom Distance Atom 
C1 —_0.050(5) C2 
C5 -0.136(5) C6 
Ol 0.118(5) O02 
Si -0.244(2) 
Non-defining atoms 


‘Atom Distance . Atom 


C11 = -0.248(7) Cl2 
C25. 0.341(11) 


Distance 
0.153(5) 


-0.131(5) 
-0.156(5) 


Distance 


0.811(7) 


Dihedral Angles Between Planes: 


Plane No. Plane No. 


1 2 
1 4 
2 “4 


Dihedral 
Angle(’) 


56.3(99) 
6.8(6) 
58.0(96) 


Atom Distance Atom Distance 
C3 ~—-0..146(5) C4 0.020(5) 
Nl 0.083(4) N4 — -0.019(5) 
C21 = 0.109(5) C22 ~=0.009(6) 
Atom Distance Atom Distance 
C23 -2.039(8) C24. 0.452(12) 
Dihedral 
Plane No. Plane No. Angle(’) 
1 3 22.9(1) 
2 3 48.5(100) 
3 4 29.5(1) 
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